The lubricating properties of vegetable oil are well known.
INTRODUCTION
Vegetable oils have a long history of use as lubricants, together with animal fats they were lubricating industry well before the petroleum age. Problems of limited oxidative stability and poor low temperature characteristics gradually led to their replacement by fossil oils and later by synthetic oils.
The structure of vegetable oils is very different to that of "mineral" oil. Plant oils are composed of triacylglycerol (TAG), three fatty acids esterified to a glycerol molecule. Most oilseed crops produce TAG containing a mixture of fatty acids with a chain length of 18 carbons and 1-3 double bonds. It is the fatty acid composition of the oil that determines its characteristics.
In most modern lubrication applications, vegetable oils are used either as the intact TAG molecule, or the oil is reacted with methanol to produce methyl esters and glycerol. Fatty acid methyl esters (FAMES) are used at low concentration as fuel additives to improve the lubricity of diesel fuel, whereas the TAG oils have applications ranging from crank case oil and hydraulic oils to chain saw oil. At higher concentrations FAMES from vegetable oil are also used as biodiesel.
RESULTS AND DISCUSSION
When compared to mineral and synthetic oils, vegetable oils have a number of advantages including higher lubricity, lower volatility, higher shear stability, detergency and dispersancy, and a higher viscosity index [1] . Their use as crank case oils has been shown to significantly reduce engine wear and tail pipe emissions including hydrocarbons, carbon monoxide and particulate matter [2] . The very limited fatty acid repertoire of vegetable oils is however a major disadvantage. TAG containing saturated 18 carbon fatty acids is solid at room temperature. The presence of double bonds makes the oil liquid, but also increases oxidative instability. Compromises must be made when selecting the best type of vegetable oil for lubricant applications. However, the recent introduction of ultra-high oleic (>80%) varieties of oilseed crops such as sunflower and canola has made a new type of oil available with characteristics far superior to the oil from existing temperate crops. Oils highly enriched in this monounsaturated fatty acid have improved lubricity and an oxidative stability that surpasses Group 1 petroleum based oils [2] . Indeed, in 1999 an ASA racing car running on high oleic vegetable oil won the 1999 Series championship.
We have taken a genetic engineering approach to further improve the lubricity characteristics of high oleate vegetable oils. By expressing a fatty acid hydroxylase gene from castor bean (Ricinus communis) in canola we have produced oil containing up to 16% hydroxy fatty acid in a high oleate background. Our results show that the presence of a hydroxy fatty acid in a high oleic oil improves the characteristics of that oil. Table 1 shows some of the physical characteristics of a high oleic acid oil containing 10% hydroxy fatty acid compared to other oils. To extend our studies beyond the field of intact TAG based oils we also assessed the utility of the high oleate/hydroxy fatty acid oil as a methyl ester additive to diesel fuel. The increased refining of diesel fuels needed to meet the strict regulations on sulphur content has resulted in a decrease in their lubricity. A number of studies have shown that the addition of small amounts of vegetable oil derived FAMES (less than 1%) can significantly improve the lubricity of diesel [5, 6] . FAME mixtures containing hydroxy fatty acids performed very much better than those from oils without hydroxy fatty acids [7] . We conducted a series of studies adding either intact oil, or mixtures of FAMES prepared from vegetable oils to a kerosene fuel. At a level of 1%, all of the additives significantly increased the lubricity of the fuel (Fig. 1) . The best results were achieved using FAMES prepared from a blend of high oleate canola oil containing 10% castor oil (to give a hydroxy fatty acid content of 10%). Significant increases in the lubricity of high oleic oils can therefore be achieved by the presence of hydroxy fatty acids.
With the increasing price of crude oil and the drive towards the use of bio-degradable oils from renewable resources, vegetable oils are becoming increasingly attractive in a wide range of lubricant applications. To obtain the maximum utility from these oils it will be necessary to precisely tailor their fatty acid composition. The introduction of hydroxy fatty acids significantly increases the lubricity of vegetable oils. Currently castor oil is the only commercial source of the hydroxy fatty acid ricinoleic acid. This tropical oil is expensive and the plant, which is also the source of the potent toxin ricin, cannot be grown successfully in North America. The availability of oilseed crops engineered to produce hydroxy fatty acids in a high oleic background will provide a valuable alternative to blended oils containing castor oil 
